The EQ-5D descriptive system has become a widely used Background: generic instrument to measure population health. In this study we use the EQ-5D-5L system to describe the health of residents in Ireland in 2015/16 and examine relationships between health and a range of socio-demographic characteristics.
Introduction
Central to the development of effective health policy is an ability to measure health and any changes in it that attend novel healthcare or policy interventions. While a variety of instruments exist to measure disease specific aspects of health 1 , generic measures can be useful when a broader perspective is required, allowing comparison across many diseases, for example 2 , or when attempting to inform the allocation of healthcare resources 3,4 . The EQ-5D descriptive system 5 has become a widely used generic measure of health, with a large number of studies using this to describe the health and changes in health overtime of different groups [6] [7] [8] [9] [10] [11] . The EQ-5D instrument describes health across five domains: mobility, self-care, usual activities, pain/ discomfort and anxiety/depression. While originally measured at three levels with respect to each domain -the 3L version of the instrument 5 -more recently a 5L version of the instrument has been developed 12 where health is measured at five levels. The 5L version has been shown to have fewer ceiling effects and to have greater discriminatory power [13] [14] [15] [16] [17] than the 3L version.
Using the EQ-5D-5L descriptive system it is possible to describe 3125 (5 5 ) unique health states based on combinations of levels in the different domains. Health states can be described as a crude sum score in which the scores of the five domains (values 1-5) can be added (sums between 5 and 25), from which 5 is deducted (range 0-20), and the result multiplied by 5 to give a range between 0 and 100; this value is then deducted from 100 so that higher values represent better health on a scale from 0 to 100. The descriptive system can also be combined with preference weights for the health states to produce a health utility index reflecting relative preference for health states. Preference weights are generated from valuation exercises of representative samples of the country concerned, 5L preference sets existing for 11 countries at the time of writing [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . 33 . These studies have also examined differences between sub-groups of the population related to age and gender showing broadly consistent patterns in which older people and females exhibit poorer self-reported health relative to younger persons and males.
The development of a 5L value set for Ireland in 2015/16 afforded the opportunity to use the 5L descriptive system to measure the health of a representative sample of residents and examine differences in health between distinct sub-groups. In this paper we present the methods and results of this study. As the Irish healthcare system is a mixed public/private system with respect to both finance and provision, socio-economic status can be an important determinant of access to services. In the paper we explore differences in health, related to socio-economic status including possession of private health insurance (PHI). This is to the best of our knowledge the first study of its type in Ireland. To encourage further work in the area the data upon which the study is based have been deposited with and are freely available from the Irish Social Science Data Archive.
Methods

Ethical considerations
Ethical approval for the study was granted by NUI Galway Ethics Committee (application number 15/JAN/04). Written informed consent was gained from all participants.
Sample
As noted, the study was conducted alongside the generation of a value set for Ireland and study design was therefore informed by the protocol used for the construction of the value set. Following Oppe and van Hout (2017) 34 a representative sample of at least 1000 respondent preferences was required for the value set study. The sample was generated using a two-stage stratified clustering process as detailed by Haase and Pratschke, (2012) 35 . In the first stage, a sample of 54 small areas stratified by deprivation and urban/rural classifications were drawn at random from across the country. Small areas are geographical constructs developed by the Central Statistics Office that comprise a minimum of 50 households with a mean of just under 100 and for which population statistics are published. In the second stage, within each small area, a sample of approximately 20 houses were selected at random. Random selection was achieved by using a random starting point and inviting a resident in every third house to participate in the survey. To achieve this, each house was visited up to three times throughout the day and evening in an effort to make contact with the householder. Where it was not possible to elicit a response from the selected house, it was replaced from among those in the immediate vicinity. Within each house any adult (>17 years) capable of giving informed consent could volunteer to complete the survey, one volunteer per household being chosen at random.
Interviews were conducted by one of a seven-person team of trained surveyors between March 2015 and September 2016. The interviewer team comprised three males and four females. Each surveyor was trained prior to deployment; training included the conduct of test interviews to ensure the surveyor was competent in use of the survey instrument. On completion of the random sampling exercise, over-representation of older people and females was found in the sample. The sample was therefore augmented with 102 additional respondents selected purposively based on age and gender characteristics. A quality control process developed by the EuroQol Group in which survey work was reviewed on a weekly basis provided independent oversight of the study.
Survey
Respondents were presented with the EQ-5D-5L survey, which was completed on the interviewer's laptop using a computer assisted personal interview (CAPI) survey approach. In addition to providing information using the 5L descriptive system, respondents recorded their current health using a visual analogue scale in which health ranged from 0 to 100, with 0 being the worst possible and 100 the best possible imaginable health. Respondents also furnished information on their age, gender, marital status, how many dependent children they had and whether they had a long standing illness. Respondents also furnished details of their income and possession of private medical insurance and medical card status. Medical card status in Ireland refers to whether or not an individual has access to publicly funded GP services free at the point of use as well as prescription medicines. With the exception of certain groups -e.g. children with cancer -access is means tested though different income thresholds apply to those aged 70 and over compared to others. A total of 1,131 EQ-5D-5L surveys with complete socio-demographic data were collected during the survey -Supplementary File 1. (An additional 29 participants provided preference data but not complete socio-economic data; these 29 do not feature in the analyses presented here.)
Analyses
We calculated the following descriptive statistics for the sample: the proportion of the sample across various socio-demographic characteristics and how this related in each case with respect to the population at large as based on estimates produced by the Central Statistics Office (Table 1); the percentage of  the sample at each level of each domain as well as by age  group (18-24, 25-34, 35-44, 45-54, 55-65, 64-75, and 75+  years) (Table 2 ) and by gender (Table 3) to facilitate comparative analysis. ii= Usually resident population by place of birth and nationality = 4,525,281)
iii= The labour force = total population over the age of 15 years is 3,608,662. Total We estimated the percentage by urban/rural dwelling status at each level of each domain (Figures 1a and 1b) as well by education level (Figures 2a, 2b and 2c ). In addition we estimated the percentage at each level of each domain for the highest and lowest income quintiles (Figure 3a and 3b) and by PHI (Figures 4a and 4b) . We estimated the summary health score (as calculated above) for the entire sample as well as by age and gender presenting these as means with standard deviations and medians with interquartile ranges repeating this in respect of the visual analogue scale scores for comparative purposes (Table 4) .
We examined the relationship between the summary score and the characteristics of the respondent in a generalised linear regression model using a Poisson family and power link of 0.6 where age, gender, education, income, rural/urban dwelling status and private health insurance status were regressed on the summary score (Table 5 ). This analysis was repeated where the sample was weighted for age and gender to more closely reflect that of the population at large; results are reported in Supplementary File 2. We re-estimated this model separately with respect to each domain using an ordered logit model. Marginal effects for this were computed and presented for income, private insurance and education (Table 6a, Table 6b and  Table 6c ). Finally, as part of an examination of the distribution of health across the sample we estimated a concentration curve and concentration indices for the summary score and each of the individual domains in which equivalised income served as the ranking variable, the result is reported in Supplementary File 3. Equivalised income was calculated as household income divided by the square root of the household number 36 . All analyses were conducted using STATA version 14.0. Table 1 to Table 6 and Figure 1 to Figure 6 present the results as described above. As can be seen from Table 1 the sample is broadly representative of the population albeit with overrepresentation of older age groups and of females. In Table 2 and Table 3 we see that those who are older and females tend to report poorer health than those who are younger and males. Interestingly the pattern of difference is not uniform across domains of health. Males and females, for example, are more alike with respect to mobility, self-care and usual activities and more divergent with respect to pain/discomfort and anxiety/depression. Similarly, with respect to age, while there is an evident deterioration in health across domains associated with ageing, this is more marked in domains such as mobility, usual activities and pain/discomfort compared with anxiety/depression and self-care.
Results
As seen in Figure 1 those who are urban dwellers generally experience better health compared to rural dwellers with the exception of anxiety/depression where urban dwellers exhibit there are evident differences between domains -differences with anxiety/depression being less evident than in other domains. Similarly, those with higher incomes (Figure 3 ) report better health across all domains though again differences are less evident across some domains. In Figure 4 it is seen that those with PHI enjoy better health than those without PHI. As with other analyses the degree of divergence between sub-groups differentiated by PHI status is seen to vary across domains, differences in anxiety/depression for example being less evident than with respect to the other domains.
In Table 4 and consistent with the results reported in Table 2 and Table 3 we see the mean crude summary score for those who are older and those who are female are lower than for those who are younger and those who are male respectively -though in the case of gender the difference is small and reversed with respect to the visual analogue scale. In Table 5 we see that controlling for the covariates identified, age remains a significant determinant of self-report health. Based on an examination of z-tests, we see that socio-economic characteristics are significant determinants of health measured using the crude summary score. This pattern is repeated with respect to individual domains as seen in Table 6 . With respect to income, for example, we see that those with higher incomes are more likely to report no problems and less likely to report severe problems. Comparing mobility and anxiety/depression, however, we see that relative to the lowest income quintile those in the highest income quintile are 7.9 percentage points more likely to report no problems in mobility and 0.14 percentage points less likely to report being extreme/unable in this domain. By comparison with respect to anxiety/depression those in the highest income quintile are almost 12 percentage points more likely to report no problems and 0.1 percentage points less likely to be extreme/unable in this domain. Thus, the degree of difference between socio-economic groups does vary across domains. For illustrative purposes in Figure 5 the marginal effects with respect to income together with their confidence intervals are shown. The negative coefficient and high degree of statistical significance for the concentration indices in Supplementary File 3 shows -consistent with the results in Table 5 and Table 6 -that poor health is disproportionately experienced by those on lower incomes. In Figure 6 Ireland's norms across domains are presented alongside those of a number of other countries. In Table 7 the most frequently reported health states among the population are reported. Interestingly the top 6 are ranked in the same order as in England and 8 out of the top 10 are the same health states in Ireland as in the England study 17 .
Discussion
Our findings provide the first description of population health for Ireland using the EQ-5D-5L descriptive system. Consistent with other international studies using the 5L system they reveal a pattern in which health appears to be better among males than females (albeit marginally) and among those who are younger relative to those who are older 17,29-33 . Distinct patterns are evident with respect to age and gender across domainspatterns not dissimilar to those observed elsewhere. While the percentage of females reporting no difficulties with respect to anxiety/depression and pain/discomfort, for example, were . In Ireland, while the percentage of females reporting no difficulties in respect of anxiety/depression and pain/discomfort were 76.5% and 58.9% the respective figures for men were 80.5% and 60.6%. Why females should self-report poorer health may relate to differential exposure to health risks, (arising, for example, through employment in more stressful jobs or workplaces that are more stressful for women; greater stress/physical effort associated with the provision of informal care or the work and responsibilities associated with pregnancy). Equally, females may experience greater vulnerability to health risks (arising for example as a result of lower access to resources such as higher incomes through which the effects of ill-health can be ameliorated). It is also possible that exposure and vulnerability may combine to contribute to differences as is the possibility that there is differential reporting bias associated with different mapping structures between objective and subjective health for males and females 37, 38 . We though, have no evidence to either support or refute this argument.
That differences between genders differ across domains of health such as usual activities, self-care and mobility is consistent with intuition and echoes findings from England. However, that gender is not significant in our regression analyses when socio-economic characteristics are controlled for is noteworthy. This could be construed as supporting the argument that differences between males and females are grounded in issues of exposure and vulnerability as suggested above, though further research effort could usefully be devoted to this issue.
More broadly, based on the percentage of those reporting no problems in respect of the various domains, the health of those resident in Ireland appears to be similar to that in England and Germany and slightly better than those in Poland or the USA. As with the other studies and with the exception of anxiety/depression, population self-reported health appears to be broadly poorer than in South Korea. Differences between countries, however, are apparent with respect to specific domains of health. While, for example, the percentage of those with no problems in respect of mobility, was in the mid to high 70s in England, Poland, Ireland, Germany and the USA, in the low 90s in respect of self-care and mid-70s to low 80s in respect of usual activities for England, Poland, Ireland and Germany, with respect to pain/discomfort and anxiety/depression greater heterogeneity is apparent (Figure 6 ). With respect to pain/discomfort and anxiety/depression, Ireland, England and Germany exhibited similar health to each other and better health than Poland and the USA. While almost 60% in Ireland and England and 54.4% in Germany reported no problems with respect to pain/discomfort, in Poland and the USA the figures were roughly 48% (in South Korea it was 71%). Similarly, with respect to anxiety/depression while in Ireland, England and Germany approximately 77% reported no problems, in Poland and the USA the respective figures were roughly 59% and 65% (in South Korea roughly 76%). The potential for cultural factors to explain differences in health has been mooted 39 and might be interpreted in a similar fashion to reporting bias. The potential for differences in exposure and in vulnerability to health risks though may also provide explanations for the observed differences. The differences reported here, if replicated in other countries, however, also suggest possibly greater similarities within Western Europe compared with the USA and Eastern Europe. Given the small number of countries available this must be viewed cautiously but is an issue worthy of further investigation.
Within Ireland the gradient in health related to age, as noted, is consistent with that found elsewhere and is consistent with intuition. That physical aspects of health appear to be more directly correlated with age than, for example, anxiety/depression, is perhaps to be expected, similar trends being evident elsewhere albeit being more marked in Ireland and England than with Poland. For example, the percentage reporting no problems in anxiety/depression in England rose from 73% among those aged 65 to over to 83% among those under 35. In Ireland older persons actually exhibited slightly better mental health among the over 65s with 82% reporting no problems compared to 78% among the under 35s. In Poland by contrast among those aged under 35 approximately 75% reported no problems but only just over 40% of those over 65 reported no problems. It is unclear what factors may lie behind these differences; it could for example relate to the relatively high levels of migration by young persons from Poland or the legacy effects of previous economic hardship. The greater similarity between Ireland and England compared to Poland is in any event evident. Similarly, with respect to mobility the percentage with no problems rose from 50% among those aged over 65 to 92% in those aged under 35 in England, while in Ireland the comparable figures were 53% and 94%. By contrast in Poland the percentage with no problems among the under 35 was approximately 95% and among those over 65 it was approximately 38%, again evidencing a sharper decline; this is similarly noted in respect of pain and discomfort. Over-interpretation of the data is dangerous but that healthy ageing may not be experienced to the same degree across countries is certainly a possible explanation.
With respect to socio-economic characteristics within Ireland there is clear evidence of a socio-economic gradient in health with respect to income, education and PHI status. Those who are better educated, who have higher incomes and who have PHI are seen to have better self-reported health with respect to the crude summary score and across domains than those who are less well educated, have lower incomes and who don't have PHI. That socio-economic differences appear to be sharper when measured with respect to education than income is evident though some caution is warranted in the interpretation of these results. While both education and income relate to socio-economic status, in Ireland there also exists a correlation between age and education that may confound results. Those over 65 are more likely than younger age cohorts to have been educated only to primary level. This may in part explain the differences evident in univariate comparisons with respect to education. This may also explain the sharper differences with respect to aspects of physical health when using education alone to compare differences in socio-economic status than income. In Figure 2 for example, while there are almost 40 percentage points between those with the highest and lowest levels of education with respect to no problems in mobility (45.3% versus 85.1%) there is approximately only a 15 percentage point difference between these groups with respect to anxiety/depression (80.3% versus 65.1%). By contrast in Figure 3 we see that the differences between the highest and lowest income quintiles are approximately 17 (86.9% and 69.7%) and 18 percentage points (86.9% and 69%) for mobility and anxiety/depression respectively. By contrast in regression analyses where covariates -notably age -are controlled for a sharper socioeconomic gradient with respect to income is evident in respect of anxiety/depression than with respect to other domains. In Table 6 , for example, we see that there is just over a 12 percentage point difference between the highest and lowest income quintiles in the probability of reporting no problems compared to a roughly 8 percentage point difference in respect of mobility. Similarly, with respect to the concentration indices, a shaper gradient in respect of anxiety/depression is evident than with respect to mobility. Again the relationship between specific indicators of socio-economic status and specific domains of health is an area where further research effort could usefully be expended.
Focusing on income as an indicator of socio-economic status it is clear from the ordered logits that there is a protective effect related to income and that the protection offered by higher income varies between domains. That income offers no statistically significant benefit in terms of the likelihood of being in the lowest category of health in each domain (usual activities being the exception) is likely to be a function of the relatively small numbers reporting difficulties at the more extreme levels in the survey. With respect to higher levels of health, it is evident that income is significantly related to reporting no problems in each domain, a clear dose response also being evident -those in the highest income quintile enjoying the greatest increase in probability of being in the no-problems groups. The patterns may indicate that while those who are better off are in general healthier than those who are less well off, when it comes to extreme levels of poor health a socio-economic gradient is less likely to be evident -the socio-economic gradient narrowing at extreme levels of poor health. Whether these differences reflect differences in vulnerability, exposure or reporting bias is unclear. The relationship between ageing, health, and healthcare expenditures has been the subject of considerable research effort [40] [41] [42] . Our findings may help encourage further examination of socio-economic gradients in these relationships investigating, for example, whether they are stable across socio-economic groups and/or types of service used. Similarly as descriptive studies of this type are repeated over time they may help shed light on not just how healthily different parts of the population are ageing but what impact policy, life style and economic factors have on this.
With respect to health insurance, in univariate analysis that those with PHI report better health in general (the crude summary score) and across each domain is clear. It is probable that this is in part explained by PHI being positively associated with income and education, both of which may affect the opportunity and ability of respondents to invest in their health (i.e. reduce their vulnerability) consistent with the Grossman model 43 and/or to mitigate their exposure to health risks. There is for example, a literature pointing to a greater use of tertiary services by those with private insurance in Ireland 44 -services one would imagine improve health. The difference in health between those with and without insurance does not attain statistical significance -with the exception of anxiety/ depression -when other socio-economic characteristics are controlled for as seen in Table 6 , is noteworthy. This may support the argument that health differences are related to socio-economic status rather than insurance per se. While insurance status remains significant with respect to anxiety/ depression this may reflect a greater sense of security conferred by having insurance or associated with insurance status through some other unobserved variable. That those with PHI may attach different values to health has also been mooted in the literature 44, 45 . If this were the case, those with PHI might be reasonably expected to engage in other health seeking behaviours that help to preserve health relative to those without PHI. By extension that there may also be differences with respect to specific domains of health is conceivable. Whether those with PHI attach different values to health is an issue on which further research is required.
There are a two main limitations to our study. First, we concede that our sample does contain some over-representation, despite purposive sampling undertaken to boost under-represented groups. This said, it is large, broadly representative and analyses based on weighted data found no material differences in results. While we could have adopted an approach used in some other studies of constructing a sample based on quotas -for example by age and sex 21 -a challenge with this approach is in ensuring representation across multiple socio-demographic characteristics. As noted by Szende et al. 46 , moreover "Because the population norms are presented by age and gender, there is no need for the sample to have the same age distribution as the general population…" when making comparisons. On balance we think having a richer characterization of the sample in terms of their socio-demographic characteristics was worthwhile; researchers can if they wish re-weight the data as they deem appropriate.
Second, we did not collect EQ-5D-3L data, data on health care use or data on doctor diagnosed conditions among the information we collected. In each instance a case could be readily made for the usefulness of these additional data for example to contextualise the other information collected. Given the risks respondent fatigue posed to the quality of the data actually collected, however, a balance must be struck. We chose to safeguard the quality of the preference and health status data rather than potentially jeopardise this by collecting interesting but arguably unnecessary information. Given the aims of our research we think this decision is justified.
Conclusions
As part of a larger study that examined preferences for health states in Ireland 47, 48 we have presented population norms of self-reported health based on the EQ-5D-5L descriptive system for Ireland. They demonstrate that those resident in Ireland reported being in relatively good health compared to other similar countries where EQ-5D-5L data have been collected such as England. Among residents of Ireland, self-reported health was higher among those who were younger compared to those who were older; among those who were better educated compared to those less well educated; among those who had higher incomes compared to those with lower incomes; among those who had private health insurance compared to those who had not and; among those who lived in urban areas compared to those who lived in rural areas. While men had slightly better health than women, the differences were small. Heterogeneity in health was evident across domains, in a manner that could be explained by reference to differences in vulnerability and exposure to health risks and different socio-economic gradients across domains worthy of further investigation were evident. These norms will be of use to those collecting EQ-5D-5L data wishing to compare their study samples against those of the population at large. They provide baseline data against which the health of the population can be measured in the future as demographic and economic conditions change. The data provides a resource to those interested in examining selfreported health related quality of life in Ireland or in comparing health in Ireland with that in other countries.
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